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BACKGROUND OF THE INVENTION 



5 The invention relates to a photographing 

device. Attempts are increasingly being made to reduce 
the bulk of photographing devices. This need is 
particularly great, for example, when wishing to 
integrate such a device in a mobile telephone in order 

10 to add a camera or photographic function to the 
telephone function. 

To this end, photographing devices are produced 
which comprise a sensor produced on an electronic 
component, on top of which there are optical means. For 

15 example, such a photographing device has a horizontal 
object field of 50° and a matricial sensor comprising 
640 points per row and 480 points per column, which is 
well known by the name VGA (video graphics array) 
sensor. The optical means then need to have a minimum 

20 focal length of 3.8 mm. Using only a converging lens to 
produce the optical means, it is impossible to reduce 
the height of the optical means as measured along the 
optical axis of the lens to less than the focal length, 
i.e. 3.8 mm. In practice, such optical means have a 

25 height of not less than 6 mm. This is because the 
thickness of the lens tends to lengthen the optical 
path. In order to reduce the thickness of the optical 
means, a diverging lens may be arranged between the 
converging lens and the sensor. In practice, such an 

30 embodiment does not make it possible to reduce the 
thickness of the optical means to less than 5 mm. 

Furthermore, a photographing device in the VGA 
format having a horizontal object field of 50° in 
reality has a total object field of 66° as measured 

35 along the diagonal of the sensor. This wide field leads 
to aberrations which are commensurately greater as the 
aperture is large. Lenses whose surfaces are aspherical 
are used in order to correct the field aberrations. 
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However, the use of this type of lens imposes tight 
positioning tolerances of the lens between one another 
and with respect to the sensor. For example, for a 
photographing device whose total object field is 66° 
5 and whose maximum aperture is 2.8, the positioning 
precision of the lenses must be less than 15 um. Such a 
precision is extremely difficult to obtain when wishing 
to mass produce the photographing device at a small 
production cost. 

10 

SUMMARY OF THE INVENTION 

It is an object of the invention to overcome 
these problems by providing a compact photographing 

15 device having a large field. 

To this end, the invention relates to a 
photographing device comprising a sensor and optical 
means through which the device receives light radiation 
in an object field and directs it toward the sensor, 

20 characterized in that the optical means comprise at 
least one mirror and a plurality of entry pupils, each 
observing a part of the object field, and in that the 
light radiation observed by each pupil is directed 
toward a separate part of the sensor by the optical 

25 means. 

BRIEF DESCRIPTION OF THE DRAWING 

The invention will be understood more clearly, 
30 and other advantages will become apparent, on reading 
the description of an embodiment given by way of 
example and illustrated by the appended drawings, in 
which: 

- Figure 1 represents a division of the object 
35 field of the optical means; 

- Figure 2 represents an image plane associated 
with the object field by the optical means; 

- Figure 3 represents an image plane associated 

2 
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with the object field by the optical means, the entry 
pupils of which have a square geometry; 

Figure 4 represents a catadioptric 
configuration associated with an entry pupil; 
5 - Figure 5 represents the repetition of the 

catadioptric configuration for four entry pupils. 

DETAILED DESCRIPTION OF THE PREFERED EMBODIMENT 

10 The invention is described with reference to a 

photographing device in the VGA format having a 
horizontal object field of 50° and a vertical object 
field of 38°. The invention may of course be employed 
for other photographing device formats and for any 

15 angular dimension of the object field. A device 
according to the invention comprises a sensor and 
optical means 1 through which the device receives light 
radiation in the object field and directs it toward the 
sensor. Only the optical means 1 and the associated 

20 object field are represented in Figure 1. The object 
field observed by the optical means 1 is centered 
around an axis z. The optical means 1 observe an object 
field centered around an axis z. The object field 
extends over 50° in a horizontal plane formed by an 

25 axis x and the axis z. The object field extends over 
38° in a vertical plane formed by an axis y and the 
axis z. The axes x, y and z form an orthogonal 
reference frame. According to the invention, the object 
field is divided into a plurality of parts. In the 

30 example represented in Figure 1, the object field is 
divided into four equal parts 2 to 5, each lying in a 
quadrant of a plane defined by the axes x and y. Each 
part has a horizontal field of 25° and a vertical field 
of 19°. The optical axis of each part is represented by 

35 dots and dashes in Figure 1. Since the angular 
dimensions of each part are smaller than the angular 
dimensions of the complete field, production of the 
3 



optical means is thereby facilitated. This advantage is 
commensurately greater as the maximum aperture of the 
entry pupil is large. 

The various parts 2 to 5 of the object field 
5 advantageously overlap partially. This overlap makes it 
possible to facilitate reconstruction of the complete 
image of the object field. This reconstruction is not 
dealt with in detail here; it may be carried out by 
computational means by comparing overlap zones 6 of 

10 each part 2 to 5 . 

Figure 2 represents an image plane associated 
with the object field by the optical means 1. The image 
plane is formed on the sensor, which will be described 
below. The image plane is divided into four parts 10 to 

15 13, each corresponding to one of parts 2 to 5 of the 
object field. An entry pupil centered on one of the 
optical axes represented by dots and dashes in Figure 1 
is associated with each part of the object field. The 
entry pupils are circular, for example, and the image 

2 0 of their circumference is found on the "image plane. 
Nevertheless, only the surface inside a square 
circumscribed by the circle will be used in order to 
reconstruct the complete image of the object field. 
This square surface is referred to as the useful part 

25 of the image plane. In the example represented in 
Figure 2, four useful parts 14 to 17 correspond 
respectively to the four parts 10 to 13 of the image 
plane. In the embodiment of the device, a space 18 is 
provided which separates the various useful parts 14 to 

30 17 and prevents one of the parts 10 to 13 of the image 
plane from covering one of four useful parts 14 to 17. 
The entry pupils advantageously have a geometry similar 
to those of the useful parts 14 to 17. In the case in 
point, if the useful parts have a square geometry, 

35 entry pupils will be used which are also square. This 
square geometry is represented in Figure 3 where, for 
the sake of simplicity, the same references are used as 



in Figure 2 . By adapting the geometries of the entry 
pupils and the useful parts, it is possible to reduce 
the dimensions of the space 18 and therefore those of a 
sensor receiving the light radiation observed in the 
5 object field by the optical means 1. Other entry pupil 
geometries are of course possible, for example a 
hexagonal geometry. 

Figure 4 represents the optical path followed 
by radiation passing through one of the entry pupils 

10 20. The device furthermore comprises two mirrors 21 and 
22 associated with the entry pupil 20, as well as a 
sensor 23. More generally, the optical means 1 comprise 
at least two mirrors, in the case in point 21 and 22, 
associated with each part of the object field. This 

15 optical configuration, referred to as catadioptric, 
makes it possible to fold the optical path and 
therefore greatly reduce the overall bulk of the 
device, a bulk for which the dimension 24 is 
representative. The catadioptric configuration is 

20 achievable in practice only for a small field, which is 
why the invention consists in associating the division 
of the object field and a catadioptric configuration. 
An optical path folded with the aid of more than two 
mirrors may be envisaged, for example three, four or 

25 five mirrors associated with each part of the object 
field. By folding the optical path in this way, the 
bulk of the device is reduced further. 

Figure 5 makes it possible to visualize the 
repetition of the configuration described with the aid 

30 of Figure 4 as many times as the division of the object 
field. In Figure 5, the field has been divided into 
four parts each associated with an entry pupil 20, and 
the catadioptric configuration described with the aid 
of Figure 4 has been repeated four times. To facilitate 

35 comprehension, the references of Figure 4 have been 
given four times . 

The four sensors 23 appear separate in Figure 
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5. It is of course possible to group them on a single 
electronic component, for example comprising a sensor 
of the CMOS type. The electronic component is then 
produced on a single substrate, for example of silicon. 
5 In order to avoid losing substrate area, signal 
processing means, for example decoding of row and 
column addresses, may advantageously be positioned in 
the space 18 between the useful parts. 

Advantageously, the light radiation observed by 

10 each pupil 20 is constantly directed towards a separate 
part of the sensor 23 by the optical means 1. This 
avoids any sequential device in the optical path 
between the pupils and the sensor. Such a sequential 
device would limit the sensitivity of the sensor and 

15 the choice of processing frequency of the sensor. 

Advantageously, the optical means 1 formed by 
the entry pupils 20 and the mirrors 21 and 22 may be 
produced in a single transparent piece, the surfaces of 
which forming the mirrors 21 and 22 are treated in 

20 order to be reflective. The transparent piece is, for 
example, made of polycarbonate or polymethyl 
methacrylate . This single piece is then fixed by 
adhesive bonding on the electronic component comprising 
the sensor 23. 

25 Advantageously, the optical means 1 comprise at 

least one element with negative optical power. This 
element makes it possible to reduce the length of the 
optical path between the entry pupil 20 and the sensor 
23. This makes it possible to further reduce the bulk 

30 of the device by reducing the dimension 24 represented 
in Figure 4 . The element with negative optical power 
is, for example, one of the mirrors 21 or 22 or 
alternatively a diverging lens placed between the entry 
pupil 2 0 and the mirror 21. 

35 The fact that the object field is divided 

presents numerous advantages. For given optical means 
1, it can be shown that the geometrical distortion 



increases with the field. For a horizontal object field 
of 50°, for example, a distortion of the order of 4% 
may be expected. For the same optical means 1, by 
dividing the object field in two, the geometrical 
5 distortion remains much less than 1% . Another advantage 
connected with the division of the field is the 
improvement of the telecentricity at the sensor 23. It 
will be recalled that the telecentricity represents the 
difference between the incidence of radiation 

10 illuminating the sensor 23 and normal incidence on this 
same sensor 23. The telecentricity increases with the 
field and certain types of sensors, for example CMOS 
sensors, are sensitive to the incidence of the 
radiation which they receive. Their dynamic range 

15 decreases when the incidence departs from normal 
incidence. Dividing the object field reduces the 
telecentricity of the radiation reaching the sensor 23, 
which then retains a better dynamic range over its 
entire surface. Dividing the field likewise improves 

20 the contrast as a function of the spatial frequency of 
the radiation. As before, the contrast decreases with 
the object field. Dividing the object field therefore 
improves the contrast as a function of the spatial 
frequency of the radiation. 

25 

It will be readily seen by one of ordinary skill 
in the art that embodiments according to the present 
invention fulfill many of the advantages set forth 

30 above. After reading the foregoing specification, one 
of ordinary skill will be able to affect various 
changes, substitutions of equivalents and various other 
aspects of the invention as broadly disclosed herein. 
It is therefore intended that the protection granted 

35 hereon be limited only by the definition contained in 
the appended claims and equivalents thereof. 
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